Drought is one of the most common abiotic stresses responsible for yield loss in 40 commercial tree species (Whitehead & Beadle 2004; Tavousi et al. 2015) . Efforts have been 41 given to investigate physiological mechanism and genetic basis of drought tolerance (Newton 42 et al. 1991; Wang 2014) . There has also been progresses on the identification of drought-43 response genes and the development of gene expressional studies; they include a dehydrin gene 44 for late embryogenesis abundant (LEA) proteins (Caruso et al. 2002; Pedrosa et al. 2015) , 45 transcription-factor genes for dehydration-responsive element-binding (DREB) protein family,
46
ethylene responsive element binding factor (ERF) family (Zhao et al. 2014) , the zinc-finger 47 family (Liu et al. 2015) , and WRKY family (Nanjo et al. 2004; Rushton et al. 2010) .
48
Populus tremula var. davidiana is a unique aspen species in the Korean peninsula, 49 belonging to section Lecuce Duby in genus Populus. It also naturally occurs over a wide 50 variety of habitats in Korea, China, Mongolia and Russia. The taxonomical studies using AFLP
51
show that there is a high similarity between P. tremula and P. tremuloides genetically (Cervera 52 et al. 2005) . The genus Populus has been divided into six sections on the basis of leaf and 53 flower characters (Noh et al. 1992) . Some species have different relationships among the 54 sections, which are indicated by their nuclear DNA (paternal inherit) and chloroplast DNA 55 sequences (maternal inherit). Moreover, some ecotypes in the species significantly differ in D r a f t 4 physiology and growth response to drought stress and exogenous ABA application (Li et al. 57 2004; Zhang et al. 2004) .
58
A single nucleotide polymorphism (SNP) is a variation in a single nucleotide that occurs at 59 a specific position in the genome, where each variation is present to some appreciable degree 60 within a population. The SNP is the most common type of genetic variation among individuals 61 and species. Each species has nucleotide polymorphisms on the genetic loci that respond to a 62 drought stress and link the SNP at the gene with the already known properties of responding to 63 drought stresses of species. This may be a good indicator for early selection of individuals with 64 high resistance to stress in the future genome-wide association study (Brumfield et al. 2003; 65 Varshney et al. 2005; Tuberosa & Salvi 2006; Wang et al. 2015) .
66
Large amounts of sequence data for many functional genes have been obtained from the 67 genome projects for poplar, aspen, cottonwood and their interspecific hybrids (Bhalerao et al. 68 2003; Kohler et al. 2003; Sterky et al. 2004) . The public genome database can use to develop 69 SNP markers for finding biologically and functionally important genes.
70
The main purposes of this study were to identify SNPs occurring in partial genomic regions 71 of Populus tremula var. davidiana corresponding to nine drought-responsive genes, to develop 72 the panel of SNP genotyping assays using TaqMan probe based real-time PCR for the genes, subdivided into five populations based on the origin of the collection.
85
Nine drought-responsive genes were included in the study (Caruso et al. 2002, Nanjo et al. 86 2004). They are dehydrin (dhn), alternative oxidase 1a (AOX), amino acid permease I (AAP1), 87 galactinol synthase (GS), transcription factor like protein (TF), ethylene-responsive element- 
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The estimated parameters by genes and species/or sections were listed in (Weir 1996) ; proportion of heterozygous individuals in a given population g The expected heterozygosity (Weir 1996); probability that two randomly chosen SNPs from a given population are different h The polymorphism information content (Bostein et al. 1980) D r a f t Table 3 . Polymorphisms in Populus tremula var. davidiana and three sections for nine drought-responsive gene loci as described by the observed number of alleles (N A ), the effective numbers of alleles (N E ) and genotypes (N G ), the observed heterozygosity (Ho), Nei's (1978) a Probability estimated from likelihood ratio (G 2 ) tests for Hardy-Weinberg equilibrium at each locus. Significance levels at α = 0.05, 0.01 and 0.001 are indicated as "*", "**", and "***", respectively. NS: non-significance. b Probability estimated from likelihood ratio (G 2 ) tests for population subdivision at each locus. Significance levels at α = 0.05, 0.01 and 0.001 are indicated as "*", "**", and "***", respectively. NS: non-significance. c The number of polymorphic gene loci
